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Bispecific Antibody and Iodine-1 31 -Labeled 
Bivalent Hapten Dosimetry in Patients with 
Medullary Thyroid or Small-Gell Lung Cancer 

Manuel Bardies, Stephane Bardet, Alain Faivre-Chauvet, Patrick Peltier, Jean- Yves Douillard, Marc Mahc, Maryse Fiche, 
Albert Lisbona, Frangoise Giacalone, Pascal Meyer, Emmanuel Gautherot, Eric Rouvier, Jacques Baibet and 
Jean-FranQois Chatal 

INSERM Research XJhit 211 and Regional Cancer Center, Nantes, France: Immunoteck SA, Marseille, France , 



the purpose of this study was to estimate the .cl<^ delivered to 
tumor targets and normal tissues after two-step injectioh of 
an anti-CEA/anti-DTPA-ln (F6-734) bispecific antibody and a ^^^1- . 
labeled di-DTPA In-TL bivalent hapten in patients vvitti medullary 
thyroid carcinoma (MtC) and small-cell lung ; cancer (SCLC). 
Methods: Five patients with persistent disease prjrecunences of 
MTC and five pabents with primary SCLC or relapse yvere studied. 
In a first step. 0.1 to 0.3 mg/kg of F6-734 bispecific antibody was 
injected intravenously. Four days later, 6 nmoie (5.8 to 9.8 mCO of 
"^l-labeied di-QTPA In-TL bivalent hapten were injected. Quantita- 
th^Hri(taging- W2£^^^rii?m€ch during orie we^ after the second 
ihjeicti'oh. ResuRs: All 5 patients with MTC showed pc^itive immu- 
noscintigraphy (IS). In the smallest visualized and resected tiimor 
(0:8 g). the fraction bf injected activity per gram (% ID/g) was 0.1 % 
at bay 3. IS was positive in 4 of the 5 patients witH SCLC. The 
volume of the smsdiest visualized SCLC tumor was ^mated at 
1 1 ;± 2 ml. and tumor uptake was about 0.009% ID^: Tumor dose 
estimates ranged from A2 to 1 74 cGy/mCi in pati^it^ wrtii MTC and 
firorn 1.7 to 8 cGy/mCi in patients with SCLC. Cohdusion: High 
absbrt>ed dose values were calculated for small I^C rBcurrences. 
For" SCLC recurrences the values were smailler biit in the sanie' 
riange as those obtained by other investigators wrtii the one-step 
technique In lymphoma. 

key Words: bispecific* antibody; two-step targetinig; medullary tiiy- 
roid cancer; srnall-ceiHung cancer 

J Nud Med ^996^ 37:185^-1859 . ^ 

Despite thie prbmisihg results obtained for refractory iynipho- 
mas with '^'l-labeled moiioclonal antibodies (MAbs) {/, 2), the 
efficacy of radibimmunotherapy (RIT) with directly - lalieled 
antibodies remains limited. Two-step radioimmunotaigeting re- 
duces radioactive concentration in normal tissues,,thereby increas- 
ing tumpr-to^normal tissue ratios (i). In colorectal carcinoma, 
tumorTto-blpod and tumor-to-liver ratios obtained after two-step 
injection of homadiolabeled bispecific anti-carcihoetnbryonic an- 
tigen (CEA)/anti-In-DTPA antibody (BsMAb) and In-labeled 
di^DTPA In-TL J bivalent hapten were respectively 1.9- and 3.5- 
fold higher than those achieved after one-step injection of F(ab')2 
fragments of the saime *'*In-labeled anti-CEA antibody (4). 
Simi1?r results have been obtained in relapses of medullary thyroid 
cancer (MTC) with the same BsMAb and In-labeled .bivalent ^ 
hapten (5). these' dat^ extrapolated to *^*I, are favohible to RIT 
ajjplication since irradiation of normal tissues with the two-step 
technique at an equivalent injected activity would be lower than 
with the one-step technique. 

The purpose of this RIT feasibility study in patients with 
MTG or small-cell lung cancer (SCLC) was to estimate the 

Received Sept 11. 1995; revision accepted Jan. 28. 1996. 
For correspondence or reprints contact Jean-Francois Chatal, MD, Research Unit 
211 INSERM. tnstitut de Biologie, 9 Quai Moncousu. r4antes 44035 Cedex 01. France. 



radiation dose delivered to known hmior tiargets and honnal. 
tissues after tWo-step injection of a noiiradiblabel^ anti-CEA/ 
anti-ln-DTPA BsMAb and a * I.labeled di-blTA In-TL t)jva- . 
lent hapten. ■ ^ ' ;'; .V > .\ 

lyiATERIALS AND METH ^-^^^ 
pauonts 

The following adult patients were eligible for entry into this 
study: 

1 . Pati^hts with 'measuVable persistent diseaise or local and/or 
metastatic recurrences of MTC after sufgeiy, as assessed by, 
eieyated i .senim thyrpcalcitonin. (TCtV concenb^^ 

, positive mon>hoIogical imaging techniques, ihcluding' US. 
' and^rCT:and/or MRI*^^ . / S: iX 

2. Patients with documented primary SCLC or relapse ^fter : 
conventional first-lihe chemotherapy r Only tKo^ patients 
: with CE A-positi ve immunostaining c?f primary timior biopsy ' 

' ' sjpiecimens/ as determined by the immunoperbxida^ tech- 
nique, were eligible: Other eligibility requirements included 
r' an absence of cheihotherapy and radiotherapy for at least 3 
mo. All patients underwent morphological imaging tech- 
niques (US^CT or I lirjo before injection of 
\, BsMAb. All patients gave written informed consent to the 
protocol, which was approved by the regional ethics commit- 

Five patients with MTt a^^ five with SCLC were 
(TablSe 1 )! All patiente with MTC had' Undergone tpffl 
ectothy with refiiival of -regional lymjph nodes'befwwn 19*^^ 
^ andM993. At the time of inimunoscintigraphy (IS), all five Had 
elevated TCT values, and three Had increased CEA values' ^fhe 
extent bf the disease varied greatly among the patients (Table 
2). Two had a Ikrge tuinpr burden— a mediastin^^ 
ated with a pulrhonairy metastasis in Patieh^^ 1 and a bulky liVer; 
metastasis irt Patient 2, whereas cervical or liyef recurrences 
were limited in Patients 3, 4 and 5. * * • • - ' 

All parents With SCLC except Patient 10 had been treated 
befbre IS (chemotherapy ; associated b^^ with external-beam 
. radiatibri). The exterit and site of the residual and/of tecurrent 
tumor Were: Variable.(^^ ! - < ' ' ' 

Bispecific Antibbdy Prepare and Bwalent ^ 
Hapten lodination 

An antirCEA/anti-In DTPA BsMAb designated as F6-734 (F6- 
734 BsMAb) was provided by Immunotech Phamia (Marseillev 
. France);with a concentration of 0.68 mg/ml. Briefly, this BsMAb 
was obtained by coupling an equimolecular quantity of a Fab' 
fiagmeht of an anti-CEA MAb (F6) to a Fab ftagment of an 
anti-DTPA-indium MAb (734) activated beforehand by a maleim- 
ide ftinction. 
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Patient 
no. 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 



Sex 

M 

F 

M 

F 

M 

M 

M 

F 

M 

M 



Age 

(yr) 

62 
48 
46 
56 
69 
61 
56 
60 
44 
57 



M TCVSCL C 
MTC 

mc 

MTC 

mc 

MTC 
SCLC 
SCLC 
SCLC 
SCtC 
SCLC 



Previous 
treatment(s) 

S 
S 
S 
S 

s.m- 

RT.PCT 
RT.PCT 

PCT 
RT,PCT 
none {primary 
tumor) 



TCT 
(pg/mO 

24^64 
377.880 
14.000 
3480 
393 



NSE 



8.5 
9.4 
5.7 
7.8 
27 



CEA 

(ng/ml) 

107 
4712 

32 
5.7 
3.8 
2.7 
6.9 

: 2.5 

,22.8 
77 



NSE = neuron specific endase: CEA = cardnoeml)r^ , ^ . ^ . . ^ 

- M J^ln^^r^ < 10 pg/ml; CEA < 6 ngAni: NSE < 12 ng/ml. ^_^::-^ f/ :^ ^. ' — — — 



- The bivalent hapten used was N.a£-(diethylenetriamine-N,N. 
N'N"-tetraaceticacid-N"-acetyl)-tyrosyl-N6-(diethyle^^^ 
NijJ4'jr tetraaceticacid-K'-acetyl) lysine (di-DTPA-TL) obtained 
by reaction of dianhydride of diethylenetriamine pentaacetic acid 
(DTFA) with^tyrosylrlysine diacetate (i). ■^^^'j; ^ 

Theaffmity ofBsN4Ab was4 M'Vto DTPA-m^^^^^ 
(3ymd 2.1 10? M"' to CEA as mcasured on LS174T cells,{4). 

Haiitenlabain^wirt^ V ut x 

Hapten labeling was performed according to <;hl(>rami^^^^^ 
' method. Briefly; '25 of a sterile solution- of sodium } (15.91 



GBq/rnl or 430 .mCi/ml) and 30 ^1 of a . sterile, solution; of 
chloramine-T (1 mg/ml) were added to 6 nmole of di-DTPA-TL m 
which indium had been previously chelated. After a 2.mm mcu- 
bation at room temperature, the oxidation reaction was stopped by 
addition of '30 )il^of a -sterile /solution of sodium metabisulfite 
(1 mg/ml). After 5-min incubation, the solution was buffered (pH 
5 6) by addingH'8l5 Ml of a sterile buffer solution of N-2- 
hydroxye^hy.l piperazine N'-2-ethane sulfonic acid (HEPES) 1 M, 

pH"5.^." :. '■.v;-.-'' ; ■'^■'■'.'j" 
Purification of the;»^M-labeled di-DTPA Jn-TL solution obtairied 



TABLE 2 

Imaging Results 



' Sctnttgraphlc imaging 



Patient 
no. 



Documented tumor 



Tumor 
visualization 



Tumor uptake at 
, Day3{%ID/g) 



' Tumor effective 
. half-life (hf).: 



Liver effective 
half-life (hr) 



Kidney effective 
. . half-life (Kr) . 



' 10" 



.Mediastinal mass 
'light lung nodule 
Liver mass 

light ne<* lymph nodes 
%r[Ver nodules: 

; Segment VII 
. , SeginentV 
pghl neck lymph nodes 

light neck lymph node 

/iefijung^ 
mediastinat mass 
Leflluhg 
auvernodules: 

Segment IV 

SegmentVlll 

SegmenlVIII 
Right (ung, 
left lung, 
adrenal gland*, 
brain 

Right adrenal gland*, 

Mtiadrenai gland 

Left turig(prirnaiy tumor) 





0.006 




0.004 


+ 


0.003 


> - 


0.116 


" 


; . ! , na 


^■jf /; ■ ; 


0.108 




^ . 0.074 




' 0.100 




0.0CK2 




0.003 




na 




na 




. . ■ na 







.-•68:-- 


53 


. . . 45 


104, , V, ; 


na 


/ . na 


^,*119>- - . - , r \ 


na . 




\■".i46^:■-":'t; 


' , " " "^^ i ' 




' ^ 73 • ' 

'"''83'\- ; 


159 
na 


-■52:' 


''^132:;;' 


47 


' ■■I. ' _ • 
: 35 


■ -'^ na-.v^^ v 






* \ na 


48 


38 



0.009 
0.002 



80. 
47 



58 
66 



65 
48 



*Clinical course did not confurm 
na = nonassessable. 



nature; * highly contrasted; * moderately contrasted; « weakly contrasted. 
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was performed by reverse-phase chromatography on Sep-Pak C 1 8 
cartridges (Waters, Milford, MA). The solution was injected into a 
cartridge previously conditioned by successive injections of 20 ml 
of ethanol and 10 ml of sterile HEPES buffer 0.1 M, pH 5.6. Free 
was eliminated in the column by injection of 10 ml of HEPES 
buffer O.I Af, pH 5.6. The residual buffer contained in the column 
was then eliminated by successive injections of 1 ml of water and 
5 ml of sterile air. The radiolabeled hapten was then eluted by 
injection of 3 ml of ethanol. 

After the purification step, the activities of the ethanolic hapten 
solution, the buffered solution containing free iodine and the 
purification cartridge were measured, and the quantity of iodine 
bound by hapten was estimated from these results and from the 
specific activity of the '^W solution used for labeling (168.72 
TBq/g or 4560 Ci/mg). 

The hapten solution was considered to be correctly radiolabeled 
each time the ratio of the ethanolic solution to the total activity; 
deposited on the purification column was greater than 60%. In 
these conditions, the mean number of iodine atonis bound per^ 
molecule of hapten was estimated as two. 

Inrinriunbreactivity v * - 

To test the immunoreactivity of '-"l-labeled hapten, 5 fxl of the 
ethanolic solution were diluted 1:2000 in buffer (pH 5) containing 
sodium acetate (100 nriiW), trisodium citrate (ICmAf) and bovine 
. serum; albumin (BSA; 1 g/liter). A ydlunicof 300 ./utl .of this 
solution.was transferred in duplicate into tubes coated with MAb 
734 (antirDTPA-In). After stirring at room temperatureTor 1 hr, the , 
total activity deposited in each tube was measured in a gamma 
counter. The tubes were then emptied and washed three times with 
NaCI/Tween solution. Bound radioactivity- was measured again in 
the same conditions as before. Immunoreactivity, idefihed as the 
ratio of bound activity after washing to total deposited activity, was 
considered satisfactoc when the ratio was greater than 80%. 

Two-step Procedure 

In a first step, 0.1 to 0.3 mg/kg of nonradiolabelied F6-734 
BsM Ab was injected by slow intravenous infusion over 20 min 
(0.09 to 0.1 mg/kg in patients with SCLC and 0.2 tb 0.3 mg/kg in 
those witfi MtC). After 4 days, 6 nmole'of '^'l-labeled'di-DTPA 
In-JL (216 to 363 MBq or 5.8 to 9.8 mCi) were injected. Prior to 
this second injection, patients received 30 drops of Lugpl's solution ■ 
each day, beginning 24 hr before hapten injection and continuing 
for 3 wk. ■ . ■ 

Pharmacokimtic Study 

Phahnacokihetic analysis was performed according to a meth- - 
odology previously 'used, relative to a three-compaittnental open 
model (6,7). ' 7 

All parameters were calculated from this model usih^ appropri- 
ate software. Blood samples were drawn before injection of 
'^^l-labeled hapten and then 5, 15, 30 min and I, 5\ 24, 48, 72, 96 
arid 168 hr after injection. Urine was collected between 0 and 5 hr, 
5 and 24 hr and 24 and 72 hr. The radioactivity of blood and urine 
samples was measured in a gamma counter at Day 7 together with 
a decay standard. Statistical study of the results (variance analysis) 
was performed using appropriate software. 

Scintigraphic Imaging and Dosinnetric Studies 

Cumulative activity in whole body, tumor, liver and kidneys was 
determined by whole-body quantitative scintigraphy perfonned with a 
two-headed camera equipped with a high-energy collimator, as pro- 
posed by DeNardo et al. (8). Whole-body scintigraphic images 
(anterior and posterior views) were recorded 5 min after injection of 
'^'l-labeled hapten and then at day 1, 2, 3, 4 and 7 using a 20% 
window set on the '^*I photopeak. The positioning of the patient was 
done in a reproducible manner using a system based on laser sources. 



The attenuation corrective factor (ACF) was detennined from a 
transmission image. A collimated linear source petpendicularto the 
direction of scanning movement was attached to the lower camera 
head. Acquisition was perfonned in the presence and dien in die 
absence of the patient on die day of nomadiolabeled F6-734 BsMAb 
injection, thus defining die geometrical parametm far reoordii^. 

The images were transfeired to a Macintosh microcomputer 
where they were processed using two commercially available 
programs: Transform (Spyglass, Savoy, IL) and MedVision (Ev- 
ergreen Technology. Castine, ME). The images acquired in 2048 X 
512 format were compressed by summation of pixels to 512 X 128 
to provide a format more comparable to the spatial resolution of the 
high-energy collimator and camera system used. The geometrical 
mean of each acquisition was calculated and mtdtiplied by the ACF 
to obtain the resulting image. During each acquisition, a known 
activity standard was placed at the level of the patient's feet in - 
order to determine the calibration factor for the camera (in counts 
per MBq in the air). ^ : :v 

The activity A(t), in /iCi, at each time point t was calculated < 
according to the; formula:- - T". * 

A(t)= v lAnt-IpostX ACFX- 

with 

■ ^:;..:;;;:;'i::^cF.^ 

where l^^, and Ip„j;,' represent, pixel by pixel, the counts obtained in., 
anterior and posteripr viQw$, .f .the autoattenuation factor of the^ 
source (in bur stiidy, f ^ 1 ) and C the calibration coefficient for the - 
camera (in counts//xCi). Ig and. I are the counts obtained pixel by . 
pixel- on. the transmission image, in the absence and dieti the 
presence of the patient, respectively. 

As corieciions were peiformed before regions of interest (RQIs) 
were defined, the activity on the resulting image was (determined 
by: ' ■ ' "n- : ■ ' ■ - ■ 

" - /^ 'K-: Att) = WG, 

where 1^^.^ represeiits, pixel by pixel, the counts obtained resulting 
image. ■ : " ' _ ;;\{:- ' 'r' .V^ " \ ' ;* 

The activities calculated at the different time points were 
transferred' into a phannacokinetic study program (Siphar, Simed) to 
detenhine the effective half-lives of '^M^labeled hapten in the regions 
defined and then; the cumiilative. activity. In Patients 4 and 5, the 
activity restimated by quantitative scintigraphy was compared ;with^ 
that of- the entire surgically resected :tumor measured in a well 
counter (at Day 7; for Patient 4 and at Day' 8. for Patient 5). / 

The doses absorbed by tumor targets and normal tissues after 
injcctioii of > ' ^ ' I -labeled hapten were calculated according to. the 
MIRD scheme. (9). The absorbed dose; was^ defined by: 



where D(,^/is the dose (Gy) deiivered to the target t by the source 
s, A the cumulative activity (MBq.sec or ^Ci.hr), A' the constant of 
the radionuclide dose (g.cGy/^Ci.hr) and <i> the fraction of energy . 
emitted by ihe source and absorbed by the target mass m, (g). In the 
case of and for sources with a diametef greater than. 1 cm, <J> = . 
1 for beta emissions. Tumor target mass was estimated from CT 
scan sections with a thickness of 5 mm or 1 cm or, for Patients 4 
and 5 determined precisely by weighing the resected tumors. 

Dosimetry was performed on scintigraphically visualized tumors 
for which it was possible to define a target volume (and thus 
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estimate the mass) from CT scan sections. Due to the partial 
volume effect, the volumes of the tumors were estimated to have a 
relative accuracy of 20%. The mass of normal tissues (liver and 
kidney) was estimated by reference values. ROIs were defined on 
the liver and left kidney of each patient in order to estimate the 
doses delivered to these organs. 

The calculation of the bone marrow dose was perfonmed 
according to die technique of De Nardo et al. (10) by summing a 
whole-body component of the bone marrow dose (only penetrating 
radiations are taken into account) and a blood component (only 
nonpenetrating radiations are taken into account). 

Detection of Anti-Mouse Antibodies 

V Anti-mouse antibodies (HAM A) were assessed according to a 
previously described procedure (4). Briefly, human anti-bispecific 
antibody concentration was determined in duplicate from patients' 
sera, using a . one-step double antigen sandwich radioimmunoassay 
on F6-734 BsMAb-coated tubes. 

RESULTS 

Hapten Lat>eling 

The di-DTPA In-TL hapten labeling technique was reproduc- 
ible. Labeling efficiency showed little variation (between 60% 
and 68%), and immunoreactivity ranged from 91% to 99%. 

Tumor imaging 

. All patients with MTC had positive IS results (Table 2). 
Tumors were clearly visualized at 24 hr in patients with various 
TCT and/or iCEA serum concentrations, various localizations 
and. various burdens, but contrast was increased at Days 5 or 7 
due to a teduction in adjacent nonspecific activity (Fig. I). 
Relative to Conventional morphological imaging, IS visualized 
an additional 'tumor site in Patient 4 who underwent surgery 
after IS (Fig. 2). The smallest visible tumor (a right neck lymph 
node resected in Patient 5) weijghed 0.8 g. ^ 

IS was clearly positive in four of the five SCLC patients but 
all documented tumor sites were not visualized in two of these 
four patients; for Patient 6, a large hot spot was visualized early 
in the left lung (at Day 0), and high contrast was observed from 
Days 3 to 7. This Jarge tumor, later confirmed by CT scan, was 
estimated to weigh aboiit 125 g. An additional mediastinal, 
mass, not preyipusly documented, \yas visualized on an IS 
anterior planar yiew anid subsequently confirmed, by CT from 
which volume could be estimated. IS was falsely negative for 
Patient 7 in, three documented tumor sites and .wealcly^ positive 
in a small liver metastasis. For Patient 8, IS was clearly positive 
in a, large recurrence infiltrating both lungs, but the ,volume 
could not be even roughly estimated on. CT. r For . the same 
patient, IS. failed to visualize cerebral, metastases and hypertro- 
phic, adrenal 'glands. Under polychemotherapy, lung; tumors 
regressed in size, whereas the. hypertrophic ^ adrenal glands 
remained unchanged (presumably nonmetastatic). For Patient 9, 
IS imaged one (left) of the enlarged adrenal glands visualized 
on CT (Fig. 3). Under polychemotherapy the left adrenai tumor 
regressed in size, whereas no change occurred in the right 
adrenal mass (presumably nonmetastatic). 

Pharmacokinetic Study . . ^ 

The results of the pharmacokinetic study are reported in 
Table 3. Mean distribution half-lives (Ty^ «. P and 7) and mean 
residence time for all 10 patients were 0:50 ± 0.24 hr, 7.71 ± 
2.95 hr and 63.72 ±21.68 hr, respectively. The corresponding 
j>re-exponeritial values (mCi/liter) were 0.376 ± G.096, 0. 1 85 ± 
1.196 and 1.184 ± 0.345, respectively. Mean residence time for 
all 10 patients was 66.66 ± 13.40 hr. Two of the 10 patients 



(Patients 4 and 7) presented pharmacokinetic parameters which 
could only be analyzed using a two-compartmental open model. 

Values for equilibrium distribution volume, elimination half- 
lives and clearances (blood and urine) in patients with MTC 
(injected BsMAb: 0.3 mg/kg) and SCLC (injected BsMAb: 0.1 
mg^g) were significantly different: 14.89 ±7.71 1 versus 
64.01 ± 31.54 1 (p < 0.01); 49.63 ± 13.73 versus 77.82 ± 
19.28 hr (p < 0.03); 0.27 ± 0.18 I • hr~* versus 0.90 ± 0.46 
I • hr" ' (p < 0.02) and 0.2 1 ± 0. 1 7 I • hr" ' versus 0.74 ± 0.24 
I • hr"* (p < 0.004 )i respectively.^ 

The mean fraction (±s.d.) of activity excreted in urine was 
20.7 ± 9.0% from 0 to 5 hr, 20.2 ± 5.1% from 5 to 24 hr and 
' 12.9 ± 6.1% from 24 to^72 hr in patients with MTC, and 45.4 ± 
4.0% from O to 5 hr, 25.0 ± 5.0% from 5 to 24 hr and 5.7 ± 
3;6% from'24'to 72 hr in patients with SCLC. r • c ' 

Dosimetric Studies ; ^ 

The results for dosimetric studies are sho\vn in Table 4. The 
dosimetric approach was validated on a phantom by determin- 
ing the optimal protocol for quantitative scintigriaphy. Real 
activity was assessed in spherical sources of different volume 
(0.5 to 10 ml) simulating tumors or in sources of greater volume 
simulating organs (150-ml container of physiological serum 
simulating a: kidney, 3- 1 iter cylinder simulating a liver) im- 
mersed in an oval 15- liter tank, with or without background 
noise, simulating the abdominal cavity. . 

The .ACF was calculated for each patient. The correction for 
each image pixel vined between 1.5 and 3 according" to the 
patiieht and the aniatohiicar regions considered. ^J! 

The activity in 'dach ROI Was detemiined from the. s^anda^^ 
source positioned in the to the patient during |cquisir 

tion, except foi; ,wh61e-bddy activity. Which was det^rmine^^^ 
from the percentage of counts obtained 1 0 min after inje siiiori on 
Day 0, taken as the reference. As reported in Table 2, tumor 
effective half-lives' Vangeii from 5 Ho 146 hr for MTC patients 
and from 47 to 132 hr for SCLC patients. Live/ ^nd kidney 
effective half-live^ ranged from 53 td 1 59 hr and 45 to 89 hr for 
MTC patients and from 47 to 66^hr and 35 to 65 hr fqf jS.CLC 
patients, respectively. The results for tumor uptake, expressed ^ 
in %lD/g at Day 3, as a function of tumor mass, are sho\vri in 
Figure 4. It is quite apparent that tumor uptake wa^ much higher 
(on an order of magnitude) for small tuniors weighing about I g 
than for thosf w^^^ 10 fir \ i ! ^ 

For three small nodules, activities obtained By qua^^^^^^ 
imaging J\y^re ' compared' with those . obtained by * colihtihg 
resected tumOrsy 'For P^^ 4, the aictiyity in two ' right neck 
lymph nodes (weighing 1:15 g and 0183 g ks assessed after 
resection) was 5^.1 arid 2.7 /iCi at pay^, Tespectiyely; Activities 
calculated at bay^6 from quantita^^ were'6.4 aiid 3 " 

/jlCT,; respectively/ For Patipnt 5, the activity in a right; heck 
lyniipli ifipde (Q,80 g as assessed after resection) was 3.3 fiQ^^ 
Day 1. Activity calculated at bay^7 from quatitiVajtive im?iging 
was. 4! 1 /iCi! This good/agreement validates, our iquantitatiye 
imaging pi otocol. ^ - , \ - 

' Fpr patients/with MTt^, .tumorTto-blo6d ratios ranged from 
0.6 to 69. 1 (Fig.' 5). If we exclude the 0:6 value (Patient 2), 
attributable to a <very elevated serum CEA concentration leading 
to the: fonriation, of radioaGtiye. immune complexes, the mean 
value was 4L Tumor-to-Jiyerj ratios ranged from. 7.6 to ; 125.5. 
(mean: 5 1 ), and tumor-to-kidney ratios from 1 .4 to 39.4 (mean: 
13). For patients with SCLC, tumor-to-blood ratios ranged from. 
3.4'.to 18.8 (mean: .l l), njmor-to-liver ratios from 8:1; to 14.5 
(mean: 8.4) and tumor-to-kidney ratios ftom 0.2 to 6.5 (mean: 2.7). 

For tumor targets, absorbed doses ranged between 1.7 cGy/ 
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Days Day? 

FldURE 1. Whole-body anterior views of Patient 1 obtained 3 and 7 days 
after Injection of/*^^l-labeled hapten (7 and 11 days after a first iiijection of 
BsN/M\b)/Clear \ftSualtzation of a 125 cm^ mediastinal recurrence (closed 
an^w)arrd a10cni? right lungmetastaste^ ; v ' ; 

mCi for Patient 10 with a priniary tiimor and 1 74 cGy/mCi for 
Patient 3 with s liver metastasis (Table 4). \ . 

To calculate the .doses delivered to the liver and left J^idney^ 
the contours of these organs' were sketched on the images, except 
when the liver was indistingifishable from liver metastases (Pa- 
tients 2; and 3) or when high circulating activity prevented clear 
imaging of the kidney (Patient 2). Doses were calculated by 





RGURE 2.* Whote-body anterior views of Patient 4 obtained 3 and 7 days 
after Injection of ^^'M-labeled hapten (7 and 1 1 days after a firet injection of 
BsMAb). Highly iDontrasted visualization of two 1.15 g (closed arrow) and 
0.83 g (open arrow) right neck recurrences surgically resected 7 days after 
hapten irijection. 



Day 3 

FIGURE a (A) Posterior abdominal view of Patient 9 obtained 3 days after 
injection of ^^^l-iabeled hapten (7 days after a first cr^ection of BsMAb). A fwt 
spot is visualized in the left suprarenal area (open arrow). fJB) Abdominal CT 
scan shows bilateral adrenal masses. Left adrenal mass (open anbw) has a 

11 ± 2 cin^'volume, ' ' • . ' ' 

assuming a mean mass of 1800 g for the liver and 120 g for the 
kidney. Doses between 0.2 and 4.3 cGy/mCi were computed for 
liver and between 1.3 cGy/mCi and 9 cGy/mCi for kidney. 

Bone marrow absorbed doses, calculated from sketched 
contours (whole-body confipbneri and results of blood kinetics, 
were between 0.2^ cGy/mCi. Blood absorbed: doses 

ranged between d. 1 and I . i cGy/mCi. ' / . 

Detectionf of Arifj-Mouse Antibodies v - ^ 

HAMA was positive for three of the five patients with MTC: 
One early' detection ••15 days after BsMAb injection (Patient 3) 
, and two later detiections at day 90. (Patients Land 3); HAMA: 
was positive during ;the first month after BsMAb injection in 
two of the five patients with SCLC. " / ^ V ^ 

DISCUSSION ■ 

The results of this stiidy confirm those previously , obtained 
with the same BsMAb and "'in-labeled .bivalent hapten, 

; sho>ying favorable tumor uptake values and tumorr^to-normal 
tissue ratios for RIX applications. In patients with colorectal 

, carcinomasv tumor uptake values were the same for the one- and- 
two-step techniques, _ but tumor-to-blood and tuntbr^t|Kliver 
ratios were, 1 .9:^; to%i/;fold higher with the Iatter.techhique^('^ ). 
In the same^GlihicajvsStuation of carcinoma, vj^^tiig^ . 

tumor uplal^yalUesjigreater than 0.1% II)/g)i'bom^^ 
those for WTC; patj^^^ our study, have been found ^whert a 
ianti-CEA^antibody:^ with '-"l wks used fSf^^all 

tumor tai^getsl'bif^ 10 g (/ / ). For MTC patieiit|/iW^^e 

present studyv- tui^^^ ratios weri^ abo^ 

. two patiieri^^a^^d; above '^^ in six. The only valu^ belQ\i;/*^l^w^ 

^ obtained in 'f^atieht 2 with a tumor mass weighiiig: 5p(|g,and a 
very high seriim CEA concentration. In comparison; jtwp^^^ 
(concerning^; limited number of patients) have repprtedt^ 
to-normal tissue ratios lower than 5 when an anti-CEi\ aintibody 
directly labeled with "'in was used {12.13). 

In pijir study, a ihree-compartrnental open model appeared to 
be the^^most'A^^^^^^^^ choice for* pharmacokinetic '.a 
accbrdance^With theoretical data published by Baxter et al. (7) 
and comments concerning the limitations of a two-compartmen- 
tal model (6 ): Based on data rq)6rted by Le Doussal et aL (4 ), 
who used the'same BsMAb and the same '' Un-labeled'hapte 
we found shorter distribution halfr lives than those obtained when 
a directly labeled antibody was used (less than 30 min on average 
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TABLE 3 

Pharmacokineftic Analysis According to a ThrBe-Compartment Model 



Patients 



• 1/2 " 


(hr) 


y 

W 


VDss 
(1) 


MAT 
(hr) 


Blood d. 


Urin. d. 
(1-hr-') 


AUG 
(mCi-hr-r^) 


n 7Q 


11.78 


65.57 


28.06 


48.82 


0.57 


0.49 


13.27 


0.84 


9.53 


60:81 


7.74 


84.60 


0.09 


0.05 


97.90 


0.22 


3.26 


45.78 


12.75 


63.72 


0.20 


0.17 


^ 22.95 


0.68 


.■ — 


31.29 


13.75 


43.86 


0.31 


0.22 


22.01 


,0.12 


3.89 


44.70 


12.16 


62.24 


0.19 


0.11 


. 40.70 


0.53 


7.11 


49.63 


14.89 


60.65 


0.27 


0.21 


39.36 


%f:\±0J33 


'±4,20 


±13.73 


±7.71 


±15.87 


. ±0.18 


±0.17 


- ■'■ ±34.21 


0.40 


6.46 


88.41 


110.52 


70.88 


1.56 


n OA 


A 77 


0.60 




59.75 


26.05 


85.27 


0.30 


0.31 


. 22.14 


0.40 


9.40 


106.28 


73.35 


74.64 


0.98 


. 0.84 


7.90 


0.37 


8.26 


64.26 


47.03 


66.21 


0.71 


0.76 


.11.56 


!: 0.62 


9.10 


70.42 


(S3.12 


. .66.42 


0.95 


,0.93 


r:9.02 


0.48 


^8.30 


77.82,. 


64.01 


72.68. 


0.90 


' . 0.74 


.11.08 


' ±0.12 


±1.32 . 


; . ±19.28 


.+31.54 . 


. .±7.85 


. ±0.46 


±0.24 . 


-±6.64 



MTC 

-1 
2 

3 ^ 
4 

5 . 

■-. ; 

' SCLC 
6 
7, 
8 
9 

■ AO 
mean 



MTC = medullary thyroW cancer; SCLC = small-cell lung cancer; VDss = steady-state distritiution vplume; MRT =. mean residence time; d r clearance; 
AUG = area under the curve; ns = nonslgntficant 



for the twQ-step system in our study versus more than 2 hr for a 
directly labeled antibody (14,15)). The elimination kinetics study 
showed no signiftcant differences between the one- and two-step 
^^stenis. The nie^n residence times found in pur study show that 
the values obtained are close to those for elimination half-lives. 
This would seem to confirm that the radioactivity elimination 
step after injection of '^'l-labeled hapten is lirhited owing tb the 
elimination of circulating hapten^BsMAb complexes. 

Studies were conducted on a phantom to validate the dosi- 
metric protocol! The' effect of patient volume on^photan scatter 
and quantification of activity present in tumor and normal tissues 
was studied for increasing source volumes (ui^ublished data). The 
results show that error during determination of the activity present 
in small sources (0.5 to 10 ml) was low (less than 10%) but could 
be high for Ijirge volumes (up to 200% for an oval 1 5- 1 iter 
abdominothoracic phantom 22 cm thick). As total activity 
measurement were available for the tumors of Patients 4 and 5 
after surgery. These results were compared with those obtained 
from scintigraphic^ images recorded before the operation and 
found to be in {close agreement. It should be no^ however. 



that background activity subtraction was easier on late images, 
thus augmenting the accuracy of activity calculations.' * 

Background noise before subtraction , was estimated for :each . 
ROi based on thcrminirnal count value in this zone. As die- 
defimtion:of ,a ROI is highly operator-dependent, all zones were 
sketched by the same persons (a physician assisted by a physicist); = 
In these;;Conditions3 even though the precision of the ^cmlculated 
activity may be debatable, we sought to niinimize operator-related 
differences .between .patients./ . ; - ^ 

. In the ciinical situation iOf MTC, recurrences of tumor ^take 
values, were correlated with the volume of the targets consid-> 
ered (Fig. 4), reaching a maximum value of Q. 116. %ID/g at day 
three (Patient 3). These elevated tumor uptake values for small 
targets, which are comparable to those calculated, by Siegel et. 
al. (77 ) in patients with recurrences of colorectal 1 cancer, may 
have been due to :higher blood flow in smaller:;than larger 
tiimors. Vaupeiret al. :(/6);have in fact shown that blood flow 
decreases exponentially ' in relation to tumor mass.' The doses 
delivered to tumors-ranged from 4.2 to 174 cGy/mCi/vBy: 
extrapolating th^se- values. to injected acti ofvlOO mGi^ 



TABLE 4 

Dosimetric Calculations 



Dose (cGy/mCI) 



^ "^Patient' -ij^;; !: 


Tumor 
,mass(g) t 


Tumor : 


'-:>V^:i -'-Liver 


Left kidney \ 


' ?iood .- . : 


. (TR) V 


Bone- marrow 




125.0 


• '4:8 ' : 




2.6; ^ 


% -0.3'" 


(4.5) 






10.0 










(5.0) 




500.0 


•■-^'4.2:."." 


" -'^ 'na ' ■■- ' 


na " ' 




(0.9) 


■ ■1.5- ' ■ 




1.^ ^ 


174r 


■ 'na ' 


8:1:- 


r.:0.3 : 


(143.8) 


.0.6-.', - 




1.15 


125' 


■ 1.1 ■ ■ 


• 9.0 ' - - ^ . 


^ ^^0.3 


(95.9) 


0.6. - > 


a83 


74 ' ' , 








(56.5) 






0.80 


135- 


4.3 


2.5 


' ^ 0.6 


(63.1) 


0.9 


.... % 


. . 315.0 


1.9 


. . 0.5 




.0-07 . 


(6.7) 


0.2 




.15.0 ' 










(13.7) 


" 0.4 








"■■-•m--'o;3 


•2.9' 


^ : 0.2 




8 






0.2 


5:1 ■• 


0.1 




02 


. ' 9; 


12.0 


; 8.0 


0.4 


1.3 . 


0.2 


■ (13.1) 


0 0.3 , 


* 10 


40.0 


1.7 


0.4 


6.1 


0.1 


.(3.8) 


0,2 


na = nonassessable; TR therapeutic ratio; Or^^ 


^OiCHir/gyCfltood 


OiCi4ir/mO. 
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RGURE 4.Tumor uptake (%lD/g) 3 days after injectiwi of "^-labeled hapten 
versus tumor weight. V / ^ ...^ , , 

comparable to the activity bf '^'l.administered for treatment of 
metastases of differentiated thyroid carcinoma, absorbed tuinor 
doses of 135 and 174 Gy-would be obtained for a cervical 
metastasis of 0.8 g (Patient 5) and a liver metastasis of 1.8 g 
(Patient 3), respectively. Much lower doses (less than 10 Gy) 
would be delivered to large tumors (Patients 1 and 2). Thus, 
these results confirm the commonly accepted opmion that RIT 
is maximally efficient for small tumors, particularly microme- 
tastases (/7). .The potential interest, of this approach can be 
evaluated relative to the xlearly established use of internal 
radiotherapy with :»^*l for metastases of differentiated thyroid 
carcinoma, even though the^radiosensitivity of the tvvo:types of 
cancer is not the same: The absorbed - tumor , dose, values 
computed in this study are comparable to those reported by 
..Thomas.et al; (/^^.fojfecervical metastases..(43 to..l40:cGy/mCu 
for tumors weighing 8 to 40 g). ' ' ' - 

In the clinical situation pf SCLC recurrences, tumor uptake 
values^were much lower than for. MTC recurrences, reaching a 
maximum value of 0.009 %ID/g for a tumor weighing about 
12 g (Patient 9). Although patients were included in the study 
on the basis of CEA expression by cells of their primary tumor, 
as evaluated by immunohistocheihical analysis of biopsy ma- 
^ terial it is possible that the recurrences themselves^ expressed 
less -GEA, which could account , for the relatively low tumor, 
uptake values. Moreover, tumor volume was generally.: higher, 
and the mean qiiantity of BsMAb injected was one-third of that 




RGURE 5. Tumor-to-normal tissue ratio as detenmined by 
scintigraphy: tumor-to-iiver (black), tumor-to-kidney (gray), tumor-to-blood 
(white). 



administered to patients with MTC, which could also account 
for the lower uptake values. Irradiation doses, estimated be- 
tween 1.9 and 8 cGy/mCi in the 5 patients, are comparable to 
those estimated for a variety of '^'l-labcled antibodies in 
patients with refractory forms of lymphoma presenting radio- 
sensitivity comparable to that of SCLC (19-21), 

CONCLUSION 

A two-step pretargeting system using anti-CEA/anti-DTPA 
indium BsMAb and a »^'l-labeled di-DTPA In-TL bivalent 
hapten allowed us to obtain high tumor uptake and absorbed 
dose values for small MTC recurrences. For SCLC recurrences, 
the values of the same parameters were lower but in the same 
range as those obtained by other investigators with the one-step 
technique in refractory lymphoma. J 
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- Delivery of Therapeutic Doses of Radioiodine Using 
Bispecific Antibody-Targeted Bivalent Haptens 

Two-step pretargeting strategies have been designed to deliver r'''-*'=-*^'';'^V'''''"S ''''^P?.c'fic antibody (BsF(ab'),). AES reagents 

radioisotopes to tumors more selectively than directly labeled anti- - *lcmpnstrated to target iodine or indium more 

bodies or fragments. In this article, we compare quantitatively the selectively to. difTcrent experimental tumors (6-f<) A similar 

f^^^lS'^ ^i^'^ ^ ^ radioimmurwtherapy .of solid 'mprovement was sho>yn in clinical trials of immunoscintiBra- 

used for calculating radiation doses. Results: In agreement vinth ■ '"".^M^'-: ."PS^'.mcntal protocols to achieve high arid itable 
earlier studies, the IgG was more effective for delivering a radiation ""19^ J«cii'ization combiiicd with low iiormar tissue exposure ' 
dose to the tumor than the Rab')^ (7.8 versus 0.76 Qy/MBq. I'^ «P'?"menls rcpprlcd here, we studieil the resr»ectiVe " 
respective^ and both were moderately selective with respect to of rcagciii doses, pretargeting time, valence Md 

norm^ tissu« tumort^ affinity of DTPA haptens for an anti-CEA X anti-DTPA 

; the tumor was ottained by injeSn^l nmSl S) ^BsSv ' " - ''''^^^ " '^^ '^'''^ ^'^'^ ^ 

The pretargetedBsF{ab% was saturated by the inje^^ ^^^:^^;'V 
of bivalent hapten per mole of antibody. With a 48-hr pretaroe^ .'V. V ' .'^ 

tme. the selectivity'Of the irradiation of the tumor vv^optimized M^TKIALS ANP METHODS. 

^^(^/m.^.^^S^'^^ ^^^ Human Colon GareWoma Model in Nude Mice S ' , ' 

br^nthaptenorbyc^asingexc^circul^ngJ^ri^^ f^^^^y'^STT^f Type. Culture Collection - 

with an excess of unlabeled hapten also reduced tumor exposure ^ <«'>'^villt. MD). Cells v'crc gnwn in Dulbecco's modiified Ea- . 
Tlw use of a monovalent hapten resulted in both lower efficiency and S"-" 'fl.'r"".'Mm supplemented with 10% fetal'bbvine senimVlOO 
selecBvi^. However, the two-step pretargeting of high-affinity biva- r'"^' P«-'n'S'"'n !OQ>g/nil streptomycin (Sigma; St; Louis ' 
tent hapten (Affinity Enhancement System. AES) should deliver ' tV!'* were hanested., after incubation for 5 mm ' with 

■tSS2L£l,^^'t^ '^i^ 8 W «». blood in i 'rypsin-EDTA. (0.05% 0.02%) at 37°c: Exponentially CgtDWing ' 
h^w*eanngmice.^nclusion:^^^ . tumor cdls (2.5 x I ()");.werc grafted into 10-12 wk-old feiiiale 

SSSSt*^^*^ hematological toxicity r NMRI nude mice ,CERJ:.Le' Genes.. Sain. Isle F^nSy 

K«,Wo«te.Wo,J«i «u„^ ''"^''■•Wancmis injection in the .lank. Ten days lat^^^ 

.^"^^y* pretargeting; dosimetry; carcino- ;• '"nwni ranging Ihmi ^O^SOO mm' wen: selected for the exDeri- ■ 
embryonic antigen; colon carcinoma; radioimmunotherapy • nients. - . . n-u™ wr me expen- , 
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Mono(^riarAnt^^ Fragments and 



D ,. . . ? Bispecific Antibody \ ' 

a^h^'2?hr- with "'l-Iabelcd monoclonal ; An.i-CEA clone Fft and an. i-DTPA-metal clone 734 are mouse 

^^^s SIT •''^''^T'"' 

pS^;?cSiSr;iTn^^^^ "'"^ '"r^ b^ of, were prepared, pepsin (Sig.iia, digestion (k weight/Sri 

poorer accessibility and lower radiosensitivity (J../). One of the hr at ,37°C). The anti-CEA x anii-DTPA-metal bisneclfic antibodv 

S'l^S^^^^ ^U^'^Tf^f':'^^' ■ reduced,Fabnragments.:Usi„g ..phenylenedimaleimide aceonling 

• _ JH. .-Uigrting, of .small ^ nidiolalieled haptens (or biotin) to to the procedure described bv Cilennieet al .. 

pretargeted bispecific antibody (or dvidin-antibody conjugates) - „. ^ ^ ^ ^. v *^^ i. : ^ 

has been designed to,improvctumor-to-nonnal.tissue ratios (5). »"«tent Hapten ^nthesiis ; , ; . 

^5. s"?^*^ an improved pretargeting strategy, the" ^^''"^ '?9"P^«'v"n. DTPA liap.e.n N-a-acetyl-N^e-dietKylenetri-,, 

.Affinity .Enhancement System (AES), where the hapten is/ |'"""'-'P.entaaceiic^ atid-iysyl.-b-.yro.syllNeMglycylrsw^^^ 

bivalent, thus exhibiting higher avidity for cell-bound than for """"-"'-'ysmamide (AG5.6) was synthesized, using solid-phase 

• peptide synthesi.s. by Gmaz-Guyon (/J). ■ ' 

Received Oct. 14, 1997: revision accepted Feb. 23. 1998 '''^ a'*-*nt .DTPA hapten N-a-diethylenetriaminepentaacetic 

1M°^S^JI^K^*K.S'S??!^^ acid-tyrosyl-N-«-divnhyl^neiriaminepen.a^.ceiic- acid-ly was 

avenuetDel^deTase«nyBPl77l3276Ma,se.,bCeclex9.F^ce. prepared by reacting DTPA dianhydride with tyrosyl-lysine diac 

Bispi t II ic AMiHoin-T.AWii Ti 1) H.apti ns • Gautherot et al. 1937 



Clearing Agent 

Human serum albumin substituted with an average of 35 mol 
galactose and 5 mol DTPA per mole (DTPA-HSaT w»« «k.o J 
from Nihon Medi-Physics (Tokyo, Japanl 



ecaie ana 




Labeling 

1( 4 8 CeS/ml ^« France) or 

1 (14.8 GBq/ml. CIS bio International. Gif sur Yvette Franeei 

bv X ""r*^- "The .Taction w2 s'S 

by the addition of 10 nmol DX-tyrosine (Sigma) and labded 

I nmoI ol hapten as already described (9 ); The bival5SSh „ 
^ ««uri.,«d<^;,he addition irf WclL4 of iSn^^^ 

H^^?" '"!'''".'*'?^'*'''^ monovalent hapten and the bivalent 
hapten wea- dissolved at . 40 ^Af i„ o. I 4/ licJtatc,'. 10 ' 
pH 5.5 and saturated with a 25-fold excess of ihe nietTl ion the ' 
monovak-nt hapten was saturated with InCI, (refe^li "o a 

".;;"tirvT; t-'t « 

nrPA V ? '"-''cnvd to^as di-DTPA-ln and di- 

SJKt hf '"'■"'^'^ »'-DTPA-ln/ di:DTPA:Y an^ mot 

DTPA-GSAjv-as ii^heled using 18.5 MBq Vliincrfiir n i niiini 
o» protein. After saturation with excess InCI th.- i.i! i 
wa^purifivd by ^,01 filtoition on a pSltSi '^"^ ""f" 



'''"^©■^tep ExpeifmeiTt -^^^^^ 
Pharmacokinetic Anafysfs 

- < a„* or a^^ being either positive when th*. hiL^ 

pre-cxponential coeOicierits was set eauaf io m/T - 
t me calculatpH ffAr« .i.' - '"^ "^^"i' at zero 

cxpbnc;iS^(,t::^„2S!^^f '^'^''■^ 

' Values iri^ihe icxni 5 . ft •'."'"^•.Mnless other^vise indicated, 
as the mean i 'd ' " ' ^^<^» Siven^' 

Dosimetry 

.he4as«r«,*iKorS^g^^ 

usmg t^ following formula: DP (G^) Jlt^^^c^'^^ 
g;Bq^X-s]xErxAUC(BqXs/g,.'wi,h|^^^ 



' ni^S'X-^'/''^'^' B.F'»b'). was.asscssed bv gel 
mt^at^n on a Sjiperdcx 200 column (Phamiacia). The puri'tv of 

i». • . '"S- 'n»munorcactiv ty was iireaterthinorv' 

Immunorcact vitv of "'ln.DTPA V'«A ' • t'^^-an-rtnan 9(y,„. 
.corned, tubev wa^^^^^ In DTPA-GSA "icasuryd on 734 |ji(i 

^'<?**s«riBuilOT 

.ai^S^Si^ril^r'^^^ *"^He 
antibody supplememed will, Z "diolabfcled hapten or 

withetheran^StrTrK^^r^^^ 
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RESULfs 

Biodistrtbution igG and F(ab% 

,i; . K "V'^'^S" K'i hr). was moderate! (Table 2) The F<ah<» < 

was^^i^^ii;,2rsj^^^^^ 

.a^_a.6.hr(,i2%i.2^^ 

hr ralia was similar to Ii»G rTablc 7v QJ^ii^r^ -^y'-o 192 
OpBnteatiOT 

BfodistriBution drth^^^ / ' 

B.ft&r"'^ V? « 2 nmol anti-CEA X an^DTPA-Irt ^ 

^d^simn^to'thl^o.^^^^ 

i^-l"»« ^e )"'"or was slov^er and less 



Vol. 39 . No. 1 1 . November I99« 



Phamacokinetic Analys feSSfetood Biodistribirtion 



Data* 



Antibody (nmoQ 
Deiay(hr) 




aa(% ID/mo 
ti/20 (min) 

ai3(%D/mO 

ay(%ID/mO 
AUC (% ID/ml x hr) 



3.1 ± 1.7 
0.3 ± 0.1 

0.07 ± 0.05 

8.2 ±5.9 
3.7±0.5« 



6,5 ± 1.0 
11.8 ±3.2 

0.3 ±0.9 
31.5 ± 24.7 
125 ±158 



8.1 ± 1.5 
0.5 ±0.1 

0.04 ± 0.02 
37.5 ± 16.7 
8.9 ± 1.0§ 



*Data fitted on a 0 to 
*Mean ± s:d. 
*Ha^f^^fe smaller than 
SAUCo ; . 



8 <^ys tiniesiafe except for t^^ 

the first ©(periiTiental time. ' ' ^ : - 



8.5 ± 1.0 
4.2 ±0.7 . 

0.05 ± 0.05 
44.8 ±31.1 
55± 7§ 



28.2 ± 3.9 
154 ±31 

16.8 ± 3.8 

11.9 ±1.7 

0.08 ± 0.13 

>200 
403 ± 14« 



27.8 ± 0.4 
153 ± 0.5 

18,6 ± 0.4 
163.d ± 2.8 



2547 ± 51^ 



■'■i V. 



tumorblood uptake ratio wasII-*-n4i/i + n-7 j... 
QJ ^ 6. 20.and «i hr.- p^icfy ' * " ' " 



SSon^Fio^'i^ *tenrii„ed .24 hr aftS 

injccuon (Mg. 2), The accumu at on of RsF^ah'i ;« tu^ / 

BioiJslributfenrtFreeBlwalemHap^ - 

mmined. w,th the exception of the kidneys (0.8% - 'oS ■ 



n^" i^T^ <^ "pod of 0.2 

nmd '^Wabeled FB igG (V) and 1 2 

■ Mean * sxl. Solfd.iiries i«p^ 
«»ves cofiBsponding to parame- 
ters reported in Tables 1 and 2 



^:p,jrj'^i,..,.. 




Ha?^**^ »^ I>oses Of 

iK mt. nxDA I t*sp(ab b uptake by the tumor anc? " 

; > the blood,,hc concentration of bivalent haSKS 
no. '''^ hapten irtjected dose a. 5S 48 hr bu 

Increasing Pretargeting Time 

The biodistnbution was dcicrmined 24 hr later IriSnTfhn ' 
except the ki(Jncys'TO^ ^ , ^^ans 

iiSHf^^^^^^'M^^f^:'^ ^ anti^DTPA antibody 
„ . f r^ " *^ ) »hat depends on the presence of th^ 
.nd,un, ,on .ns.de the chelate. A lower affinity'SeMKa = 

BisPiiCKK Ant.h.,.,v-Tar<.:t,.:,, Hapt. ns . Gautherot et al. 1939 



■ 

'M 



■I- 



■■-^ ■ -^J'M--^-^ '"TABLES 
Pnamacokinetic Analysis from Tumor Biodistribution Data* 



Antibody (nmoO 



None 



BsF{ab')2 
1 



BsF(ab')2 
1 



Oetay(hr) 



None 



BsF(ab')2 
1 



Hapten metal 
(nmoO 

Rapid aa(% lO/g) 
Uptake ti/20f (min) 

Slowa0(% ID/g) 
Uptake t,^0 (hf) 

Rapid 30 {% iD/g) 
Release t,^^{hf) 

Slow 37 {% ID/g) 
Release t,/2y(hr) 

AUG {% lO/g X hr) 

tumor/Blood AUG 



20 



F(ab% 
1.2 



20 



Bivalent indium 
0.15 

5.7 ± 4.6^ 
4.1 ± 2.2* 



5.5 ± 4.6 
0.2 ± 0.1 

0.14 t 0.04 
9.1 ± 2.8 

2.8 ±0.4* 

0.75^.6.2 



20 



Bivalent indium 
0.5 

8.1 ± 1.1 
4.0 ± 1.0 

11.0 ±6.7 
10.4 i 8.0 



19.i - 6.9 
41.7 ± 7.3 

983 ± 77S 

7.9 ±1.1 



Bivalent yttrium 
0.5 

6.9 ± 1.4 
2.1 ± 0.9 



4.7 ± 1.4 
3.3 ± 2.2 

, 2.2 ± 0.7 

36.6 ±7.5 

140 ± 19§ 

15.7 ±2.8 



None 



Monovalent indium 
0.5 

13.3 ± 3.0 

12.4 ± 5.7 



12.6 ± 3.0 
11.2± 4.4 

0.7 t 1.8 
•48.6 ±52.6 

'251 ±435 

'4:5-1.0 



None 



15.1 ± 3.3 
2.0 ± 0.8 



15.1 ±3.3 
41,3 ± 7.6 

821 '± 116^ 

2,0 ±0.3 



IgG 
0.3 



None 



None 



26.0 ±6.7 
3.9 ±1.7 



26.0 ±6.7 
>200 

4559 ± 3927^ 

1:8 ±1.5 



•Mean ± s.d, 



J.u~ Jrf t^-X'^ <*tained-..l)y.aituraKng:tlfe,13(TPA 'group 
with yitnum Mice were thus injected with: 1 nmbrB.sF(ab'), 

..; nxDA , - 'i'^'^i' 0-5 nmol of cither dWDTPA-Y.' df 
pTPA-Ih pr"mono:DTPA-ln, hapten (as a controfHigh-aOinity 
monovalent hapten. Ka of 3.6 ± 0.8 nA/ ') ' ^ 

.'.^ !f5>'°'^ 'M'c I and Fig. 5), di-pfPA.Y disiributcd in 
a similar volume as di-DTPA-Inrbut clcarSl 23 times fasterras 

faster On y ajcry small fraction (0.3»/i.-'0.04% ID/ml) cleared 
r'y-7''«-;:AUC.^ for ,he wood was deduced abo^^ M 
and 2 times for.di-DTPA-Y and mono-DTPA-In. respciitively 
as compared with di-DTPA-ln I'^V^^'y- 

••dl'5rS'v^'^'-'* ^ .^ Ri'^vithc localizmioh of 
vJ^ v''^" compared with di-DTPA-.ln was only tran- 
sient, although significam when compared to that of the free 

Zir . '""^ ?« was reduced about, seven and 

StP^Y . T^^^^^^ .ratio was higher with di- 

uiPA-Y US 7 ± 2.8) than with di.DTPA-In(7;<) ± | |) but 

SSe'Sf^-r^^^-'"'<^-5 - •nteresting|y:?hc 
ujrtjce into jhc tumor was monophasic for di-DTPA-Y and 
DTPA-ln whereas :.t was biphasic for di-DTPA-ln. Wciintcipret 
the rapid phase as the direct uptake of the free Kaptcn by 
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FIGURE Z Tumor localization (- # ) 
and tumorbtaod uptake ratio v ) 
24 hr after administration of in- 
creasing amounts of ^'25|,,atjg|gjj 
BsF(ab%. Mean ± s.d. 



prctajijetiMJ BsF(ab'). and the second phase the traftkpoh of 
.circulating hapten/e^Rab'), cpmplexck- to th^^^^ 

Chase Experiments ^ 

-OTPA 

(n the three-step. experiment. ' "in-labelcdiDTPA-GSA ac- 





7':e 



0.0: 0.5 1.0 
,Hapteii/BsF(ab')j 
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: FIGURE a Localization of increasing 
doses of bivalent hapten to pretar- 
geted BsF(ab% (A) in tumor, p) kid- 
neys and (Q blood. Mice were in- 
jected with 26 pmol .^^l-iabeled 
BsF(ab% and 24 hr later' with various 
amounts (2.6. 5^,:i 3 and 26 pmon of 
"'In-labeled -di-DTPA-ln.' Bivalent 
hapten localizatfork are shbwri at 6 
(.:0..), 24 (ni-) arid 48 hr (-^) 
posthapten injection. 
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FIGURE 4. Variation of pretaraetinq 
time. Mice were injected with 02 
nmol BsF(ab% and after either 6 hr 
f?>*24hr(mor48hf(|l|wrth 
0.1 nmoi ^^snabeled di-DTPA-ln 
Organ distn-bution was determined 
24 hr after bivalent hapten adminis- 
jBtm Mean ± s.d. In tumor, local- 
izations were 14.4 ± 1.5, 90 ± 20 
ar^ 6.1% ±1.5% lD/gfor6-. 20- 
and 48-hr pretarget/ng time, re- 
spectiveiy. ^ . ' 
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bivalent haptcnrniatn l H ''''°*">- Thus. ,hc 
. not in the tumoT,5^ V^'.^; ^ 'j'^-^^^ but 

the exception or the l<iLy.s(Rg 6T """"''"'^ 
cirlX^tbd^J'LS^^^^^^^ ""'""^'"■''l "^^P- .0 Clear 
mechanism for enhandnu sdeetlvl" ^'^^'^'^ - 
mcms U6). lhwS t^T l^. !" P^'argcting experi- 

Inmoi.n.^etiveJi'SI?^^^^-^^^ 

excess of unlabeled bivalent iJKos fc?^,*'?!^-""^ 

monovalent Hapten (data not Si Vh^^^^^ ^^'S- 

bivalem haptens had vWslifrerc^^^^^ 

the labeled hapten i.X S' L '^V''''''^ of 

blGod-WactiSco^b^^^^^ 
; „up to 600/. of the waslS^ecl"^^^^^^^ 

very arge excess of iminh»i„^ u 'rom the tumor using a 
. iion of ^nlS ^ " «P«^«^^^'', the injtc- 

. labeled bffi, hap^rin ^^^^^^ the uptake - of. the 

organs such aslilE^^^^^ 

BsF(ab;,,-SpterS iJ^^^^^^^^^^^^ 
but very stable (release halS rSffi^^^^ 
;.va.cnthaptendistribi.tedinasL„v;lJ^.5- 



^^'^ 8- Tumonorgan ifljtate ra- 
tios after chase with DTPA-GSA 

Mabeled BsF ab'U. 20 hr later 

^^e^J^hr^^ With 0.1 nmol 
Wabeleddi-DTPA-(n(^).Con- 
tfol experiment was oerfonneri 

wfthout Clearing step (cJw 

organ uptake ratios are Shown at 3 
hr. Mean s s.d. 




SStSivi^fh^^^^^^^ f > '^>- '" •"e blood, 

•helreehaptcnttff^XS^^^^^^^ 

tumor, the chaied hapten diss^iaioS S - o.'"'^ ' >r »he 

hapten (haliviife of O.T7 -t wS ^ '^^^^ 

fraction was released s oWivS ' ^^ r^wainihg 
(FiL. 7Ri Thi . I ; , " a" half-life of 32 0 + o n ht 

blood was deiomiined^^ , 10 h, """" '^^^^ 'he 
hr). : "TiV^ 

Dosimetry. ■ . 



affinity 

^ va)enc|. Mice., were; injected 
2lS^<*^and20lS 

• IJOf-DTPA-ln; hapteri (I^-lT 
M«j^ ±^s4 Solid Ones ,5P^ 
cuves oonesponding' to paame- 
tera reported m Tabi4 i ai^T^ ' 




"P^^E'-P^tchase experiments: 
W Mice were injected amuita- 




i ■ "'jw^'eo simulta- 
neously with 100 pmol BsFfab I 

and50pmol'-'5|-iabeieddi-Om'\- 
In, andie hr later, with saline solu- 
tion (S) or with a ^-mw- 
E3). 1.00- .(a,, or 100^^otar 
! ) excess of .unlabeled di-DTPA- 
ln. Organ , distribution was deter- 
minali ^poslchaSe'^ij-^ tu^,. " 
Bl .=; biMd.; Ki , ^ Wdrieys). (ti,- Q'. 
Tumor'and blobd phamaddkinelics 
with or wrthout a chase step. Mice 
were injected as in l and 16 hr 
aft^ipOOfmqiarexcessofiin^, 
toeted di-DTPA-lh (-#^).o,i with 
salme solution M>-). Mean * s d 
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Tumor/Btood 
Tumor/Uver 
Tumor/Spleen 
Tumor/Kidneys 



31.9 i 16.4^ 
47 ± 1.9 

6.7 ± 4.4* 
10.3 ± 5.4 
12.1 ± 6.6 

7.0 ± 3.7 



64.1 ± 15.9 
8.2 ± 2.8 

7.8 ± 3.3 
7.1 ± 2.2 

12.4 t 5.4 

4.9 ± 1.^ • 



86.2 ± 22.5 
30.1 ± 4.3 

2.9 ± 0.9 

6.8 i 1.6 
4.1 ± 1.0 

6.9 ± 2.6 



33.9 ± 6.2 
17.8 ±3.6 

1-9 ±0.5 
9.5 ± 2.8 
12.3 ± 5.1 
5.9 ± 1.4 



m/2.5). For IgG -and F(ab'),. the ac.iviiy was calculated 
V aking into account the protein dose used in ihe experiment and 

!miSTL?\-"5'.''nr">' described in the literature -for 
antibodies labclcd v/ith "'I (370 MBq/mg). As the half-lifc of 
the release of the IgG from the tumor^oikl no. b^ calXS 
the integration on the IgG tumor data were done based solely on 

SSt^h't- The di-DTPA-ln hapten'^: 
bt la^lqd )yiih high specific activ ty (up to?4.MBq/nmol ( /» ) 
Gauthc«,t. unpubl . shed data, ms]. WcalcufationVwere 
made a.<«uni^ing !^'| injected activities of 1 1,1 MBq for IgG 

h • "'^ for the AES pnnocols; 

Under these conditions (Table 3). the calculated cumulated 

J2?r ^ by direct tanjeting wSgG ^ 

I; ab )r M<qrc, in good ag^•emcnt with those reported in the 
both AES protocols appeared caSaWe 
af dcl.ivpnng high^rodiation dosesjq thc tum^^^^ 
was predicted to have an efficiency close to>(ab');and AFS 
5/48/2.5 was predicted to be as efficient as IgG (Tiblc 3) 



piSCUSSiON 

JJ* success of radioimmunotherapy requires high and stable 
V low exposure of „6m,al 

m.^ ^' i,^. J ' ''■'■"■•"y labeled antibodies are 

limited by the toxicity to the hematopoietic system the boiic 
. manow being the most radiosensitive organ/Thu^^l^^^^^ 
apprc^ch^s have been designed to r^cT'^^'^ 
~imal issues to ra^iati^^^^^ However, unlike direct KSing 

pretanscting strategies must^be optimized carefully with K^^^^^^ 
to the doscs and administration schedules (7 i» 

The. simMlations, performed by Baxter ct'al. (Vi with a 
phys.olog,ca!ly.basi:d pharmacokinetic model sugl; t thauhc- 

^^T.r T^'i^-^'^"'^ ^"^ '^ the. tumor; simiiarly. the 
hapten dose should be just sufficient to saturate the an ibodi 

Kl::!'^^^^^^^^ f P-targeiing time intSalia 
ar &/n^fi°*^'T'''? '"•"or-'«>-blopd concentration ratios 
a hapten ilijection. In these experiments;: we u^-d the same 
m Sed n- tBsF(ab'),).and. in.addition io Z^c 
mentioned parameters, we examined the effect 6f the x-alcnce 

In^ Vf^E^^'^ 'n" '"^ ""^ BsF(ab',/on the pS- 
mance Of AES prctargcling for RAIT ■ 

givJnt.teSSffT"''^^^^^^ particulkauehti^ was 
SKfhSSS "^.^T r'^"" toaehieve maximal 
^crL"r - "^P'**" by the tumor while liinitina the 
Tf K • dS'^d'H ^r^!r'^ ^ Provided S the 

apSd to^tf 1^^ """^ ^ ratio of 0.5 

appeared to be the best compromise. 
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Wc 17.22) and' others (2i ) have shown-the benefit • of 
pre aiBcting using low doses of bispeci fie antibody and b""len 
upten. Similar y. Jera^^^^^^^ b.Vaiei,, Lpten St 

ited significantly higher taiBetihg-effi<iacy.(high Uptake S 
stabilityj and better selectivity than equivalent doseSL^^: 
valen. hapten. Although at early time points, monovalemTiS 
bivalent hapten bound similarly to the BsF(ab'), in *e bS 
and in thejumor the linal difference resulL fiim "he^lo^ 

,ot monovalent haptens (Ka antihapten 0.1-14 n^ ') has bten 
reported in :»rem ;ex^^^^^^ 

r^m ^stcn^J20.24;25l Furthcmore. using a S- 
S o?/S ■ selectivity for thlttmib^ 

tar^Hm. .m "^il^- b"' at the price of a dramatic |(«s.of 
ta^etmg efficacy. Thu; suggests that high affinity is liduinid 
,^ '"^^•.'"8 efficacy, but that the selectivity ultimily relS 
thc-amniiy -enhancement cPect and on tte distribution ohhe 
BsKab ), ;at the time of hapten injection ' 
.The selectivity of tK6 distribution of the moclificd amibody 

t^^ ^'-'T"''^'- ^'""^ bave been suggested 
to enhance this selectivity, including the increase of the pietar- 
geingtimejindtheaugm 

'^r^^S'i-'^^'^- *pse of'other wS 
(.»). .sl^o^v that longer pretargeting intervals improved the. 
se ectivity but at the expense of reduced tumdr Ibc^izatSn In 
this um„r.i,,ode^, a^^ 

M v) dirf„ot:affeci,the releas.i,half-lifeofJ^(ab' , fraSts 

'{X^^"^-^^'?^'*^ 'lata) suggesting thatiheSSg 
and/pr.thcjnt^rni^^^^^^ moderate,:orthe CEA t26) 

may become the limiting factor. , 
With .pretargeting. s^^ complexes' betwwli v the 

lonninjhe bkKHl contribute largely to the activity in7h^^ 

th^T'Jh^r both eM«rimemally.:(7«, and in the clinic 
,(-/). that the use of an additional clearing, step, in which the 
concentration «f the nKHlified: antibody I . d£re^^^^ 
adm.mstrat.on of the radiolabeled specie. reducSTs so^^ 

BJnh^^t "^"^ its binding to the 

ihf AiV' ^''.'^^PP^ach IS of limited interest for RAIT since 
the AUCwas-reduccd m the tumor^d unchanged in the ma^ 
organs. However., the thase protocol may be4ra in Lm^ 
juj^imigraphy since it considerably: imi^ved .umorS 
ratios at early t.me po.nts. More interesting fof RAIT is the 
ehmmanon of th^ circulating BsF(ab'), before hapten injitS; 
by redirectmg the antibody to the hepatic asiatoglycoirotein 
receptor. Th.s approach has been used suecesfullyKeS; 




(cjfaring 
P'; In.jhe;ve?cp^ 

I V Account for this: unlike -in Ahe?a6^ 
I); concentration. of BsFCab')^ ih;t!i^;blob(l Itifi^^ was 
If already low when compared to that of the streptavidin-antibody 
conjugate and the affinity of indiurh-DTPA-GSA for the 
BsF(ab')2 is 10 times lower than that of biotin for avidin. 
Ik . ^^^^^^ experimental studies in mice grafted with human 
^s<ti)lpn carciriphia have sho^^ 
7. antibodies with estimatedAradiationidb^^toJthe tli^^ 
: from 10-90 Gy (29). In this study, the experimental protocols 
with IgG, F(ab')2 and AES that were selected for dosimetry 
were predicted to deliver from 30-90 Gy to the tumor (Table 
3). 

For a similar cumulated dose, the AES pretargcting may be 
more efTicieiU than direct targeting, especially with IgG, be- 
cause of a more homogeneous radiation dose throughout the 
tumordcpcnding on the rapid diffusion of the bivalent hapten to 
■ the center of thc tumor (/V ) and on the relatively rapid diffusion 
of the BsF(ab')2. Rapid uptake kinetics; with the AES> were 
observed also in. several CEA-cxprcssihg multicell spheroids 
usmg the same reagents {30). 

In a recent clinical RAIT study, the dose limit to the red 
inarrow was shown.tp be 4.5 Gy i4 ). In rodents; the dose limit 
tfcncrally highcr. 6-9 Gy (JA). As the activity in the mart«w 
f!S' may be considejicd as a fraction of the activity in the blood (J.? ) v 
I * \ye predict here that RAIT; in the mouse model with AES 
»' pretargcting should be less toxic (Table J)'. Aficr the blood, the 



n^adminirtrafea*)^ • ^^^^^^ 



6. U bimssal JM. Martin. M, Gawhcrol Delaauc M kiw^rt 'l'^ln 



10. 



I). 



g; kidney, the liver and thc spleen may he the dose Itmifing organs 



^ smce AUC ratios were.not improved with the AES compared to 
^1 . direct tprgetmg„presumably because of prolonged imracellular 
I" retention of the activity (ii). 

X TliC interest,of AESlpretargcting has been cbnlirmed -by if> 
clinical dosimetiy study in patients with medullary . thyroid 
, cancer and sma|l-cell lung cancer .(/«). This study showed that 
' ,AtS pretargetmg achieved high absorbed doses ,{ 1 1-470 Gy/ 
,>MBq),-espccially.i.n the case of small-sized MTG recurrences It 
has teen proposed that the dose scale-up from mouse to human 
should not bc calculated from body mass ratios;('i».2500 times) 
but rather as the 3/4 power.of this ratio {«> 350 times) 
Th^s, the 37 MBq injected to mice would correspond to 13 GBiq 
in. ^.''"'ans, which is an , acceptable activity in terms of the 
medical carje safety; requirements. In parallel, the dose of " 
bispecific amilwdy would be increased to IO]0!-:;2QO;mg. • , 

coHcuistiH ' ■ ■ '" r' ": ■ ■■ " 

,AES pretargcting RAlT protocols could, W;*:signed to 
deliver^higher radiation dbses to th a 

tf'!i'?!°'*!^!^?'' ^'^ direct targeting :usihi5 lafeled IgG or 
r!*>-. V'\»r'".8 agents ^ the concentration of 

circulating bispeciHc aiitibbdy before administration of the 
labeled haptien should further iiicrease the safety of AES 
pretargcting. . " ' • '^^•f 
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